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What Is The Wisconsin K-12 Energy
Education Program?

The Wisconsin K-12 Energy Education Program (KEEP) was created to help pro-
mote energy education in Wisconsin. In 1993, the Wisconsin Center for
Environmental Education (WCEE) proposed that a comprehensive guide to K-12
energy education in Wisconsin be developed. In 1995, the Energy Center of
Wisconsin, a nonprofit energy-efficiency research organization based in
Madison, agreed to fund the project. The Wisconsin Environmental Education
Board and the University of Wisconsin-Stevens Point also provided support.
With this initial funding secured, WCEE hired a coordinator of curriculum
development, a coordinator of research, and a program assistant in the summer
of 1995, and the Wisconsin K-12 Energy Education Program was born.

Mission Statement

The mission of KEEP is to initiate and facilitate the development, dissemination, imple-
mentation, and evaluation of energy education programs within Wisconsin schools.

Our goal is to improve and increase energy education in Wisconsin's K-12
schools by developing and disseminating this Conceptual Guide to K-12 Energy
Education in Wisconsin and an energy education activity guide.

This project consists of three phases:

Phase I:  Produce the Conceptual Guide to K-12 Energy Education in Wisconsin and
an Energy Education Activity Guide.

Phase II: Develop and offer college-credit energy education courses for teachers.

Phase III: Continue the energy education initiatives beyond the project fund-
ing period.

We completed the first part of Phase I with the 1996 publication of the Conceptual

Guide which helped direct the development of the Energy Education Activity Guide.

This updated Conceptual Guide reflects modifications to the framework that
evolved during the completion of the Activity Guide.



A Rationale For Energy Education

Ask people to talk about energy, and what will they say? Some will describe
how they use energy in their lives and at their work places. Some will talk about
the cost of energy and mention the price of gasoline or the cost of heating their
homes in winter. Others will point out that widespread use of fossil fuels leads to
air pollution, acid rain, and global warming; they would say that the market
place or the government should promote the use of environmentally-benign
energy resources. Still others will recall the energy crisis of the 1970s, when the
United States faced an oil embargo by the nations of the Middle East, and later,
the subsequent sudden rise in the price of oil. They might add that our nation
now imports half the ol it needs, that a disruption in its supply is still possible,
and that development of domestic energy resources should be increased. While
acknowledging these issues, nearly all of these people will agree that energy is
necessary for maintaining their health, their well-being, their lifestyles, and their
economy. Many will even say that they often take energy for granted.

Energy is more than an individual economic, environmental, or sociopolitical
issue or a passing concern. It is the agent of change for all processes on Earth
and throughout the universe. Every interaction among living and nonliving
things is accompanied by the transfer and conversion of energy. Energy is the
underlying “currency” that is necessary for everything humans do with each
other whether in the work place or in their personal lives. Understanding energy
in this way enables people to see how issues are interconnected, and how a
solution to one issue may even lead to the solution of another. For instance, the
person who buys a fuel-efficient car saves money on gasoline, reduces air emis-
sions, and decreases our nation’s reliance on imported oil.

Since energy plays an essential role in people’s lives, the study of energy and
energy issues should be emphasized in education. Some curriculum developers
and teachers in Wisconsin include energy-related activities in education curricu-
la. However, many people believe more needs to be done if energy education is
to be widely and consistently instituted throughout Wisconsin in a manner that
effectively promotes life long learning and links students to the world around
them. This Conceptual Guide to K-12 Energy Education in Wisconsin helps meet that
need, whether you use it to update an existing curriculum or to develop a whole
new program for energy education. We have designed this guide so that educa-
tors can use it to provide Wisconsin students of every grade level the opportuni-
ty to receive a logically sequenced, comprehensive education about energy.

Purpose of this Publication

1. Identify and present concepts that can help people understand energy and
make decisions about energy issues.

2. Provide guidance for teachers to incorporate energy education into their curricula.

3. Direct the development of the Energy Education Activity Guide.
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Conceptual Framework

Introduction

This energy education conceptual framework is not a curriculum in itself, rather, it is
a skeleton that provides the foundation for a curriculum. Just as the bones of a
skeleton provide strength and structure to a body, the concepts that make up the
framework provide the basis for a strong, organized, and comprehensive curriculum.
We have endeavored to provide concepts that address a variety of different issues
and viewpoints.

These concepts were derived from energy-related frameworks designed by other
educational organizations (National Energy Foundation, 1988; North American
Association for Environmental Education, 1990) and from physical and environ-
mental science texts. We developed additional concepts to reflect issues specific to
Wisconsin. Throughout this process, the KEEP Steering Committee and two focus
groups—consisting of energy resource management specialists, curriculum planners,
and educators-reviewed and evaluated the framework. Their assistance helps ensure
that the concepts in this framework form the basis of a logically sequenced, compre-
hensive energy education.

This framework is designed to evolve as energy education evolves. We encourage
teachers and curriculum developers to assist with this evolution by modifying and
adding to this framework as they build a curriculum that best fits the needs of their
educational programs.

Framework Organization
The concepts within the framework are organized under four themes. Each theme
consists of concepts which are further organized into subthemes.

The themes are arranged so that they build upon each other. The information in the
first theme lends understanding to concepts in the second theme, and so forth. The
first theme, We Need Energy defines energy, describes how energy is transferred and
converted from one form to another according to the laws of thermodynamics, and
explains how energy flows through living and nonliving systems. Developing Energy
Resources addresses the sources of energy and how humans, through technology, use
energy to meet societal wants and needs. It also shows how humans have come to
treat energy as a resource. Effects of Energy Resource Development covers how using energy
resources affects human societies and the environment. Finally, Managing Energy
Resource Use identifies strategies we can use to help resolve many of the issues pre-
sented in the third theme. In addition, this theme discusses how today's energy-
related decisions and actions influence the future availability of energy resources.

10
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We Need Energy

The concepts within this theme provide students with a fundamenlal knowledge
about energy and help students appreciate the nature of energy in their everyday
lives, providing them with an awareness of how energy is used lo maintain, orga-
nize, and change systems that affect their lives. These concepls also provide the
Joundation upon which the concepts in the following themes are buill.

Definition of energy
Understanding these concepts helps students to identify forms of energy.

1. Energy is the ability to organize or measure can be used to quantify
change matter or "the ability to do energy. One unit can be converted
work” to another. Units of measure for

2. Energy exists in two main forms: energy include calories and kilo-

. watt-hours.
potential energy (energy
stored in matter) and 4. Power is the rate at which energy is
kinetic energy (energy of used. Units of measure for power
\ motion). More specific include horsepower and watts.

Z- forms of energy include
thermal, elastic, electro-
magnetic (such as light,

electrical, and magnetic

energy), gravitational, chemi-
cal, and nudlear energy.

3. Energy can be measured and
quantified. Different units of

Natural laws that govern energy

Mastering these concepts helps students interpret how energy is transferred and converted. It also
helps them recognize that there are natural limitations to the amount of energy that anyone or
anything can use.

5. Energy can be transferred from 7. With each energy conversion from
one location to another, as in one form to another, some of the
when the sun’s energy travels energy becomes unavailable for
through space to Earth. The two further use. This is the second law
ways that energy can be trans- of thermodynamics. For example,
ferred are by doing work (such the thermal energy released by
as pushing an object) and by burning coal is eventually dis-
transferring heat (conduction, persed into the environment and
convection, and radiation). cannot be used again. The measure

of this dispersal of energy is called
“entropy” For example, the entropy
of an unburned piece of coal and
its surroundings is lower than the
entropy of the ashes, cinders, and
the warmed surroundings due to
burning that piece of coal.

12

6. Energy can neither be created nor
destroyed, it can only be converted
from one form to another. This is
the first law of thermodynamics.
For example, the chemical energy
stored in coal can be converted
into thermal energy.




Energy flow in systems

Comprehending these concepts helps students interpret the natural laws that govern energy flow
through living and nonliving systems.

All systems obey the natural laws
that govern energy.

Some of the energy converted by
systems flows through them. The

rest is stored within them for
seconds or even millions of years.
Some systems convert energy
more efficiently than others.

Energy flow in nonliving systems

Understanding these concepts helps students explain how energy creales weather patterns and
shapes the Earth’s surface.

10. Energy flows through and is stored

Energy flow in living systems

within a variety of nonliving
systems.

*Solar energy absorbed and
distributed on Earth's surface
gives rise to weather systems
and ocean currents.

*The thermal energy stored in
Earth’s interior shapes and

moves Earth's crust as in earth-
quakes, mountain building, and
volcanic activity.

By mastering these concepls, students should be able to illustrate how humans and other organ-
isms gel the energy they need to survive.

11. Living systems use energy to grow,

change, maintain health, move,
and reproduce. Some of the energy
acquired by living systems is
stored for later use.

*Plants and other autotrophs
convert solar energy to chemi-
cal energy via photosynthesis.

*Animals and other heterotrophs
convert chemical energy in
plants or in other animals to
chemical energy they can use
via cellular respiration.

13

*Energy is needed for maintaining
the health-nutrition and the
quality and quantity of food-of
all organisms, including humans.

12. Living systems differ in how fast

they use energy. Some living
systems—such as birds—use energy
quickly for growth and
metabolism, and therefore must
replace it quickly. Others—such as
turtles-use energy more slowly
and, therefore, need to replace it
less frequently.
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We Need Energy continued

Energy flow in ecosystems, including human societies

Fully comprehending these concepls helps studenls recognize how energy flows through and
characlerizes ecosystems. It also helps students appreciate that the world around them—including
human socicties—depends on a continuous supply of energy.

13.

14.

15.

16.

17.

Ecosystems use energy to maintain
biogeochemical cycles-such as

the sedimentary, gaseous, and
hydrologic cycdes-between living
and nonliving systems.

Ecosystems are characterized by:

*Types and quantities of
available energy sources, such
as the chemical energy stored
in plants.

*Types and characteristics of
energy flows, such as food
webs.

*Energy budgets, which are the
amount of energy available
with respect to the amount of
energy used by an ecosystem.
The total energy budget of an
ecosystem determines its

carrying capacity.
*An ability to use energy to

maintain a balanced or steady
state.

Wisconsin has five main biological
communities: northern forests,
southern forests, prairies, oak
savanne and aquatic.

Human sodeties, like natural
ecosystems, need energy to
organize and maintain themselves.
The human use of energy follows
the natural laws that govern
energy flow in all systems.

Human societies range from
hunter-gatherer to industrial and
can be dassified by the amount of
energy they use and the rate at
which they use it (Miller, 1988).

*Hunter-gatherer societies are
adapted to their natural envi-

ron-
ments.
They
depend
on ener-
gy and
materials
available
directly
from nature, and their rates of
consumption of the energy and
materials they use are often in
balance with nature.

*Nonindustrial agricultural

societies modify their natural
environments primarily to
domesticate food sources. They
depend on modest technologies

to provide energy and materials.

*Industrial societies attempt to

14

remake and control their natural
environment. They have high
rates of energy consumption,




depend on sophisticated tech-
nologies, and require a substantial
energy subsidy to provide energy
and materials for residential, com-
mercial, industrial, agricultural,
and transportation needs.

18. In general, Wisconsin and the rest
of the United States is an industri-
al, technologically advanced, high-
energy-use society.

15
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Developing Energy Resources

This theme helps students realize how they and other humans have become more
and more dependent on the development and use of energy resources lo salisfy
their standard of living. Understanding what energy is and how it flows through
systems is necessary to appreciate how humans have come to value and treal
energy as a resource.

Development of energy resources

Understanding these concepls helps students explain how humans have used technology 1o fur-
ther their ability to use energy. It also helps students identify and compare different energy
resources—such as renewable and nonrenewable—and appreciate the importance of energy-related
technologies.

19. Primary energy sources are those ~ 20. Secondary ener-

that are either found or stored in

nature.

w# See concept 20 for secondary
energy resources.

s See concept 25 for renewable and
nonrenewable energy resources.

gy resources are
produced from

primary energy

resources using
technology. For

example, we

The sun is produce electric-

a primary ity-a secondary resource-by
energy burning coal in a power plant or
source and by using photovoltaic cells to har-
the principal ness solar energy. We can also
source of produce alcohol fuel from crops.
Earth's ener- 21, Energy sources are considered to
gy- Energy be energy resources by individuals
from the and society when they s

sun is serve societal needs %9

stored in other primary energy
sources such as coal, oil, natural
gas, and biomass (such as
wood). Solar energy is also

and wants. Examples
of using resources are
burning wood for

warmth, and

responsible for the energy in extracting and
the wind and in the water cycle refining oil to g
(the hydrologic cydle). produce fuel -

for trans-

s See concept 13 for the hydrologic and
other biogeochemical cycles.

*Other primary energy sources
found on Earth include nuclear
energy from radioactive
substances, thermal energy
stored in Earth's interior, and
potential energy due to Earth's

gravity.

22.

portation or
materials such as plastic.

Human societies have obtained
energy resources in the following
ways:

*Hunter-gatherer societies get
their energy from decentralized

16




energy systems-as in gathering
wood from a forest and burn-
ing it to cook food.

*Nonindustrial agricultural
societies also get their energy
from decentralized energy
systems~such as using wind-
mills to grind grain-although
these systems are more
centralized than those of
hunter-gatherer societies.

*Industrial societies get their
energy from a mix of central-
ized energy systems (power
plants) and decentralized energy
systems (solar panels on
rooftops), with centralized ener-
gy systems being the dominant
energy system. Most of these
energy systems were developed
by understanding the natural
laws that govern energy and
applying this knowledge to
create sophisticated energy
technologies.

23. Some energy sources are concen-

trated, such as the nuclear energy
stored in enriched uranium used
in a nudear power plant, and oth-
ers are diffuse, such as thermal
energy stored in the oceans.

24.

25

26.

27.

Geographically, Earth’s energy
sources are unevenly distributed.

Certain energy resources are
renewable because they can be
replaced by natural processes
quickly. Renewable resources
include solar energy, wind,
hydropower, and biomass. Even
some of these resources can be
depleted when their rate of use
exceeds their rate of replacement.
Other energy resources are
nonrenewable because they are
either replaced very slowly or are
not replaced at all by natural
processes. Nonrenewable resources
include fossil fuels~coal, oil, and
natural gas-and nudlear fuels such
as uranium.

Wisconsin has primary energy
sources.

Most of the energy resources
currently used in Wisconsin are
fossil and nudlear fuels, all of
which are imported into the state.
Other resources used in Wisconsin
include biomass, hydropower,
solar energy, and wind, all of
which are renewable and can be
found within the state.

Consumption of energy resources

Mastering these concepts helps students assess modern human societies’ dependence on energy
and analyze how we have come to value energy as a resource.

28. Supply and demand influence
energy resource discovery,
development, and use. The supply
and demand for an energy

due to human population growth
and increasing worldwide con-
sumption. As certain energy
resources are

resource is determined by resource depleted and
availability, level of technological demand
development, and societal factors increases,
such as lifestyle, health and safety, competition
economics, politics, and for these
culture. resources
um See the next theme, What Are The Effects also increas-
Of Energy Resource Use? for concepts that es. This is
address the economic and sociopoliti- especially
cal effects of energy consumption. true of non-
29. Global demands for energy renewable

resources are increasing. This is resources, such as fossil fuels.
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Effects of Energy Resource
Development

Concepts in this theme help students investigate how energy use has affected their
lives. Recognizing these effects increases students’ awareness of why and how they
use energy and promoles an understanding of why il's important lo manage
energy resource-use.

Quality of life

Understanding these 'concepts helps students analyze curren! energy-use practices and evaluale
how they affect quality of life.

Lifestyles 33. The health and safety of Wisconsin
30. A driving factor in the develop- citizens is related to the develop-
ment Of energy_related technology ment and use Of energy resources.

has been people’s desire for com-

fort, convenience, and entertain-

ment.

- See concepts 44 - 47 for how comfort,
convenience, and entertainment relate
to cultural aspects of energy develop- 35, Many occupations, businesses, and
ment and use. public services—such as utilities—

result from the development and

use of energy resources.

Economic

34. The availability and use of energy
resources influence the economic
growth and well-being of society.

31. Technologies that support
people’s lifestyles may
lead to the

inefficient 36. The market price of energy

use of includes the cost of energy
energy ) resource exploration, recovery,
resources, reﬁning, pollution con.trol, distrib-
depending ution, and transportation, as well

on how these N as taxes and other fees.

technologies are

37. Other costs that are not part of the
designed and used.

market price of energy
(called externality
costs) are due to
factors such as
environmental
damage, prop-
erty damage,

civil unrest, war,
and health care.

>

Health and safety

32. There are personal and community
health and safety factors associated
with the development and use of
energy resources. Energy resource
development and use may pose
direct risks to personal and
community health and safety. By

affecting the quality of the 38. The rate of energy consumption is
environment, energy use may pose influenced by energy prices and
indirect risks to personal and externality costs.
community health and safety. 39. The cost of energy is a factor in
> See concept 48 for environmental risks Wisconsin's economic develop-

to the health and well-being of human ment and affects the household

and nonhuman life budget of Wisconsin citizens.
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Sociopolitical

40. Sociopolitical processes result in
laws and regulations that govern
energy development, availability,
and use. Sociopolitical processes
have usually governed centralized
energy systems such as public
utilities.

4

The demand for energy resources
influences relationships-alliances
and conflicts—among states,
regions, and nations.

42. The positive and negative effects of
energy resource development and
use are not shared equally among
states, regions, nations, and indi-
viduals, although sociopolitical
processes have made some effort
to address this.

43. Wisconsin's sociopolitical process-
es result in laws and regulations
that govern energy development,
availability, and use.

Quality of the environment

Cultural

a4,

47.

The availability of energy resources
has shaped cultures, and each cul-
ture has value systems that influ-
ence how energy resources are
used.

Energy use by cultures is expressed
through art, architecture, urban
planning, music, language and lit-
erature, theater, dance, other forms
of media, sports, and religion.

Because society’s understanding of
and relationship with energy
changes over time, cultural expres-
sions of energy use change over
time as well. For example, ancient
Egyptians worshiped the sun,
while modern societies associate
the sun with a positive mood,
recreation, and nature.

Wisconsin's culture has been, and
will continue to be, shaped in part
by available energy resources.

By comprehending these concepls, students will be able to explain how current energy use prac-
tices affect the quality of the environment and the health of organisms living in the environment,

48. Energy resource development

and use can alter environmental
conditions leading
to, for example,
reduced air and
water quality,
deforestation, and
changes in land use
due to road build-
ing. These altered
environmental
conditions may
pose risks to the
health and well-being of human
and other life-forms.

49. The faster and more extensively
energy resources are developed
and used, the more likely that
environmental conditions will be
altered to a greater degree.

i 19

50.

51.

It takes less energy and less money
to preserve the environment than
it does to restore the environment
after it has been altered.

Wisconsin's environment has been,
and continues to be, altered by
energy resource development and
use.



g-Energy Resource Use .

re users. For students to willingly and effectively lake
ource use, they must have a thorough understanding
ergy is, how it flows through systems, ils value as a
has on human societies and the environment.

A M l & g N 3
V%Man&fgww

o
ement of energy resource use

By mastering these concepts, students will recognize their ability to make decisions regarding
which resources to use and how those decisions influence the future availability of resources.
Students will also identify actions they can take based on these decisions.

52. The choice of energy resource and  55. The decisions and actions taken by
how it is used influences how societies and their citizens depend
energy resources are managed. on the barriers and incentives

associated with energy manage-

ment choices. Examples of barriers
indude high energy costs, lack of
access to new
technologies,
and laws that
discourage the

53. Energy resources may be managed
through conservation, which
includes reducing wasteful energy
use, using energy for a given
purpose more efficiently, or
reducing energy use altogether.
Energy conservation prolongs the

CONCEPTUAL FRAMEWOR

availability of energy resources development
/ or use of
and contributes to the develop- .
: . certain energy .
ment of a sustainable society.
resources.
54. A citizen, acting individually or as Examples of
part of a group or organization, Incentives
may make decisions (such as include
deciding to ride a bicydle instead of rebates, build-
driving a car) and take ing codes that :
actions (riding the promote energy conservation, and
bicycle) that determine appliance efficiency standards.

how the energy they
use will be managed.
Citizens may also affect
the actions of other
individuals, groups, or
organizations to
determine how the energy they use
will be managed. This can be
accomplished by ecomanagement
(physical action), education,
persuasion, consumer action,
political action, or legal action.

8

Energy management products and
programs are available to help

Wisconsin citizens use energy

resources more efficiently, such as

through conservation programs,

home heating fuel options, and

programs that promote certain

lifestyles. These products and

programs also help maintain the

quality of the environment within ‘

and beyond Wisconsin.

20




Future outiooks for the development and use of

energy resources

By understanding these concepts, students can evaluate how their actions affect the quality of life
and the environment of their community, nation, and world. Students will also predict how sci-
entific, technological, and social changes will influence future energy resource availability.

57. New energy resources, new ways
of managing energy resources, and

new energy
technologies

will be

developed

in the

future. P~ @)

58. Choices made Sso =
today about energy resource man-
agement will affect the future qual-
ity of life and the environment.

59. New types of societies-such as a

sustainable society or a
postindustrial society whose
economy is based on information
and service-may emerge as energy
resource development and use
changes.
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Suggested Scope And Sequence

Introduction

This section provides guidelines showing when and to what extent energy con-
cepts could be integrated into school curricula. The Wisconsin K-12 Energy
Education Program (KEEP) developed this suggested scope and sequence with
the help of K-12 teachers who attended the KEEP Building an Energy Education
Curriculum workshop in October 1995. You can use this section as a guide for
when (grade level) and where (subject area) energy concepts can be incorporated
into a curriculum.

Note that this scope and sequence is not a one-size-fits-all solution to energy
education; educators and curriculum designers in each school system will need to
determine the best ways to introduce concepts into their curricula. For example,
they may find that after surveying existing curricula, many of these concepts are
already being addressed. If a particular concept is not covered, then courses may
need to be revised to include them. The companion Energy Education Activity Guide
will contains interdisciplinary energy-related activities that can be used by educa-
tors to bring energy concepts into their lessons.

Scope and Sequence Organization

This scope and sequence is based on the conceptual framework consisting of
four main themes presented in the preceding section. The earlier themes in the
framework involve lower level thinking skills such as knowledge and compre-
hension. These should be introduced in the early grades and mastered in middle
school. The later themes involve higher level thinking skills such as synthesis and
evaluation. These are best suited to middle and high school students.

Proficiency Levels

Each theme will move through three proficiency levels-introduction, development,
and mastery—according to grade level.

* Introduction

The introduction level presents basic information related to the concept.
Learning usually occurs at the lower cognitive levels (knowledge and com-
prehension). The objective is to help students become aware of the facts
related to the concept and how it is relevant to their lives.

* Development
The development level builds on information learned in the introduction level.
Students should gain enough knowledge and skills to apply the information
to different settings. Analysis of information also begins at this level.

* Mastery
The mastery level completes a thorough understanding of the concept.
Learning usually occurs at the highest cognitive levels (synthesis and evalua-
tion). The objective is for students to be able to use the information actively
in their daily lives.
These proficiency levels are based on the taxonomy of thinking skills within the
cognitive domain (Bloom, 1956) and on environmental education subgoals (Engleson and
Yockers, 1994). See the appendix for more information on the cognitive thinking
skills taxonomy and environmental education subgoals.

<

BEST COPY Avis: . %
23

eP

19



SUGGESTED SCOPE AND SEQUENCE

Keg
\‘1

ERIC

Aruitoxt provided by Eic:

&
9

Overview of Suggested Scope and Sequence

The table below is an overview summarizing at what grade levels each theme
should be introduced (I), developed (D), and mastered (M). This is a general
overview that identifies where most-but not all-of the concepts within each
theme should be incorporated. This overview also shows which taxonomic lev-
els of the cognitive domain (CD) are emphasized and what environmental edu-
cation subgoals (EE) are relevant for each theme. The next section, Scoped and

Sequenced Themes, provides a more detailed look at each theme.

Theme and Comprehensive
Performance Objective

Grade levels
K2 35 6-8 9-12

We need energy
Students will be able to identify forms of energy and simulate or
demonstrate how energy is used as it flows through systems (non-
living, living, and ecosystems, including human).

CD: Knowledge, Comprehension and Application

EE: Perceptual Awareness, Knowledge and Environmental Ethic

Developing Energy Resources
Students will be able to identify energy resources and explain how
they are developed and used.

CD: Analysis

EE: Environmental Ethic and Citizen Action Skills

Effects of Energy Rescource Development
Students will be able to present and defend their views on how
current energy-use practices have affected the quality of life and
the quality of the environment.

CD: Analysis

EE: Knowledge, Environmental Ethic, and Citizen Action Skills

Managing Energy Resource Use
Students will be able to make energy choice and use decisions and
take action based on their analysis of available energy resources.
Students will also demonstrate how use of these resources could
affect the quality of life and the quality of the environment.

CD: Synthesis and Evaluation

EE: Environmental Ethic, Citizen Action Skills, and Citizen Action

Experience

24



Scoped and Sequenced Themes

For each of the four themes, we use a table to show at what grade level groups
of concepts within that theme should be introduced, developed, and mastered
(see Figure 1). Concept numbers refer to their locations within the conceptual
framework. The tables also indicate the subject areas into which each group of
concepts can be integrated.

Following each table are sample performance objectives that describe how students
should be able to demonstrate they have learned a concept. We use action verbs
that reflect the designated proficiency level for the concepts. We considered differ-
ent learning styles of students, based on the Theory of Multiple Intelligences (see
appendix). This theory identifies different ways people best express their knowl-
edge and competencies. For example, some people are musically inclined while
others are more analytical, so that instead of students simply stating energy safety
rules, they might be encouraged to apply skills within the Musical-Rhythmic
Intelligence category by writing and performing a song that communicates these
rules. Considering both cognitive thinking skills and multiple intelligences increases
the diversity and creativity of the performance objectives, making them more rele-
vant to different subject areas. Superscript numbers within the tables show which
subject areas and grade levels are associated with each performance objective.

Figure 1. Scope and Sequence Table

Grade levels
Concepts Subject areas K-2 35 6-8 9-12
A A A
D2
Cites concept Lists subject Charts grade lev- Refers to sample
numbers areas that could els in which con- performance
in conceptual include concepts cepts should be objective

framework and
summarizes the
subtheme

. 3
oo
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We Need Energy ‘

The concepts within this theme provide students with a fundamenlal knowledge
about energy and help students appreciate the nalure of energy in their everyday
lives, providing them with an awareness of how energy is used lo mainlain, orga-
nize, and change systems that affect their lives. These concepls also provide the

w foundation upon which the concepls in the following themes are buill.
V These concepls should be incorporated early in studenls’ learning experiences and
2 and emphasized throughoul students’ learning experiences. These concepls are
L mastered when students can thoroughly explain how the natural laws that gov-
= ern energy flow delermine the form and function of ecosystems.
O Grade levels
L Concepts Subject areas K-2 3-5 6-8 9-12
v —
1-4: Definition of energy Fine arts!

n Energy is the ability to do work. | Language arts? I D2l M M

There are many forms of energy. | Mathematics
z Power is the rate at which energy is | Physical education

used. Physical science
< 5-7: Natural laws that govern

energy

W Energy cannot be created or .
Y destroyed; it can only be converted | Mathematics 3

from one form to another. With each | Physical science® 1 I DM
o conversion, some energy is always | Technology education
U dispersed into a less useful form.

8-12: Energy flow in living
v systems

Living systems’ use of energy includes | |aaith education 1 D' D m
Q growth, movement, maintenance, | sciancel*

and reproduction.
b ,
- 13-18: Energy flow in

ecosystems, including .

n human societies ZZ':C':!t;':‘d consumer
w Ecosystems are characterized by ener- | Geography? i D | M| m

gy availability and patterns of flow. | Global studies
w Wisconsin has four ecosystems. | Mathematics

Human societies can be classified | Science*
w according to how they use energy. Social studies
: *Includes the Earth, life, and physical sciences
n

Sample Performance Objectives

1. Students will be able to demonstrate that certain actions produce sounds.
Multiple Intelligence: Musical-Rhythmic (introduction to sound energy)

Cognitive Domain: Knowledge
EE Subgoal: Perceptual Awareness, perceiving and discriminating among stimuli ’

26




Sample Performance Objectives Continued

2. Students will be able to write a story about a hanging drop of water that
incorporates the concepts of potential and kinetic energy.
Multiple Intelligence: Verbal-Linguistic
Cognitive Domain: Comprehension
EE Subgoal: Knowledge, translating and interpreting information

3. Students will be able to build a machine that uses the potential energy in
water to lift an object.

Multiple Intelligence: Visual-Spatial

Cognitive Domain: Application

EE Subgoals: Perceptual Awareness, processing, refining, and extending
perceptions;
Knowledge, knowledge of principles;
Citizen Action Skills, application of principles

4. Students will be able to trace the energy flow of every item in their lunch back
to the sun.
Multiple Intelligence: Logical-Mathematical
Cognitive Domain: Comprehension
EE Subgoal: Knowledge, interpreting information

5. Students will be able to design a model village that illustrates how energy
flows through a community.
Multiple Intelligence: Visual-Spatial
Cognitive Domain: Application
EE Subgoal: Knowledge, application of principles;
Citizen Action Skills, application of principles.
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Developing Energy Resources

Concepts in this theme help studenls realize how they and other humans have
become more and more dependent on the development and use of energy resources
lo satisfy their accustomed standard of living.

This theme involves students interpreting how humans, through technology, have
developed energy resources. Higher-level thinking skills are involved as students
analyze how these developments have influenced energy consumption patterns.
These concepls may not be thoroughly mastered until students are in high school.

Grade levels

Concepts Subject areas K-2 3-5 6-8 9-12
19-27: Development of energy
resources
Through technology, humans have | Geography!
been able to develop a variety of } Mathematics 1 1 D! M

renewable and nonrenewable energy | Social studies
sources to meet societal needs.
Wisconsin imports many of its energy
resources.

28-29: Consumption of energy

resources Fine arts?
Suppl infl Global studies 2
upply and demand influence energy Physical science 1 1 D mM

resource development and use.
Global demand for energy resources
is increasing.

Social studies

Sample Performance Objectives

1. Students will be able to design a chart that compares percentages of energy
resources used in Wisconsin and that identifies which of these resources are
imported.

Multiple Intelligences: Visual-Spatial and Logical-Mathematical
Cognitive Domain: Comprehension
EE Subgoal: Knowledge, interpreting information

2. Students will be able to write and perform a play that shows how the cost of
a resource increases as its availability decreases.
Multiple Intelligence: Bodily-Kinesthetic
Cognitive Domain: Analysis
EE Subgoal: Environmental Ethic, valuing

28




Effects of Energy Resource

Development

Concepls in this theme help studenls lo investigale how energy use has affected their
lives. Recognizing these effects increases students’ awareness of how they use energy and
promotes an understanding of why energy resource use should be managed.

Awareness of how energy use positively and negatively affects quality of life and the envi-
ronmenl can begin during the primary grades; however, because of the complexity of envi-
ronmentlal issues they may be betler introduced al a later slage (e.g, lale elemeniary). In
addition, students should develop skills necessary lo investigate energy-related environmen-
tal issues. Students should masler this theme during their high school years.

Grade levels

Concepts Subject areas K-2 3-5 6-8 9-12
30-47: Quality of life ECOQOmics3

Energy use has affected the quality of FZ’“"Y and consumer

human life: life styles; health and safe- | €ducation

ty; economic development; sociopoliti- | Health education' | 1" D23 mé

cal development; and cultural devel- | Language arts

opment. Wisconsin’s quality of life has | Science*

been affected by energy use. Social studies
48-51: Quality of the environment

Energy use has affected t'he qyality of | Fine arts®

the environment which in turn | G|obal studies

affects the health of organisms living | physical science 5

in the environment. Wisconsin’s envi- Sozial studier; I I D m

ronment has been affected by energy

resource development and use.

*Includes the environmental, life, physical sciences

Sample Performance Objectives

1. Students will be able to perform a rap song that includes safety rules about electricity.
Multiple Intelligence: Musical-Rhythmic
Cognitive Domain: Knowledge
EE Subgoal: Environmental Ethic, responding

2. Students will be able to analyze how energy use and availability have affected the
lives of characters in a novel (e.g., Little House on the Prairie, by Laura Ingalls Wilder and
Brave New World by Aldous Huxley).

Multiple Intelligence: Interpersonal
Cognitive Domain: Analysis
EE Subgoal: Environmental ethic, valuing

3. Students will be able to interpret the results of an energy audit to determine how the
costs of energy affect the family budget.
Multiple Intelligence: Interpersonal
Cognitive Domain: Analysis
EE Subgoal: Citizen Action Skills, production of a plan or proposed set of options

4. Students will be able to role play a mock rate case hearing that illustrates how the Public
Service Commission of Wisconsin regulates the state’s electric and gas utilities.
Multiple Intelligences: Bodily-Kinesthetic and Interpersonal
Cognitive Domain: Analysis
EE Subgoal: Environmental Ethic, valuing

5. Students will be able to write a journal article that analyzes the history of an energy-
related environmental issue, anfi presents and interprets the values people affectedggy
the issue hold.

Multiple Intelligence: Interpersonal
Cognitive Domain: Analysis

EE Subgoal: Environmental Ethic, valuing &
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Energy Resource Use .

eir understanding of how energy-use practices affect the
nment, they will begin to determine how they choose 1o
ng me sludents graduate from high school, they should

%iﬁ?g dndiconcepts that will enable them lo make wise energy
S and tgl%ej ons that reflect their personal energy use ethic. In addi-
hould.be-dble.to¥extrapolate how their actions today could affect the avail-

, {heyShould be-dbl
_ &@%Wsoﬁes tomorrow.

Grade levels
Concepts Subject areas K-2 3-5 6-8 9-12

52-56: Management of energy
resource use

Energy resource management | Language arts
involves societies deciding which | Environmentalscience! | 11 | 12 | m1 | mB3
resources to use and determining | Social studies
how to use them efficiently. | Technology education?
Wisconsin has a variety of programs
available on energy conservation.

57-59: Future outlooks for the
development and use of
energy resources Language arts

New energy resources, new ways of man- | Environmental science | | D M
aging energy resources, and new tech- § Social studies
nologies will be developed in the future.
Energy resource management will affect
the quality of fife and the environment.

Sample Performance Objectives
1. Students will be able to distinguish between a household that is using energy efficiently and
one that is not (such as a household that leaves lights on unnecessarily).
Multiple Intelligence: Logical-Mathematical
Cognitive Domain: Knowledge
EE Subgoals: Knowledge, knowledge of terminology:;
Environmental Ethic, responding

2. After they have cooked a meal in a solar oven of their own design, students will be able
to explain why they would or would not choose to use a solar oven.
Multiple Intelligences: Intrapersonal and Visual-Spatial
Cognitive Domains: Synthesis and Evaluation
EE Subgoals: Environmental Ethic, organizing a value system;
Citizen Action Skills, evaluation

3. Students will be able to evaluate the success of promoting and implementing an
energy efficiency plan for their school.
Multiple Intelligence: Intrapersonal
Cognitive Domain: Evaluation
EE Subgoals: Citizen Action Skills, analysis and synthesis;
Citizen Action Experience, education and persuasion
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Concept Map

Introduction

The framework in this document is a list of concepts. Another approach to pre-
senting the concepts is to use a concept map that shows how thoughts and ideas
are organized in the mind.

Concept maps are becoming popular instruments in many aspects of learning,
including curriculum development. By creating and revising these maps, curricu-
lum developers and teachers illustrate meaningful interconnections among con-
cepts. The map serves as a guide during curriculum development, ensuring that
the content is integrated and cohesive.

Organization

Our concept map visually represents the themes and selected concepts presented
in the framework. It shows that the concepts are not isolated, fragmented ideas.
Rather, they are integral components of the framework and are complementary,
connected, and interrelated. As we develop the energy education activity guide,
we will create more detailed concept maps for each theme.

We encourage educators and curriculum planners to investigate and revise this
map or create one of their own as they develop an energy education curriculum
or incorporate energy-related concepts into existing curricula.




‘IIII Lift flap to view concept map
33
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Glossary .

Autotroph ‘

Organism capable of synthesizing its own food from inorganic substances using |
light or chemical energy. Examples of autotrophs include plants and some proto-,
zoans.

Biogeochemical cycle ‘

Natural processes that cycle nutrients in various chemical forms from the
environment, to organisms, and then back to the environment. Examples are the
carbon, oxygen, nitrogen, phosphorous, and hydrologic cycles. [

Biomass '

Plant or animal matter. Biomass can be burned directly as a source of heator
converted to a more convenient gaseous or liquid fuel. Examples include wood
and animal waste.

Centralized energy system ‘

Energy system where large amounts of an energy resource are converted from
one form to another in a central location. The energy is then distributed to and
used by a large number of consumers located within a large area. Electricity gen-
erated by a nuclear power plant and distributed by transmission lines to a large
number of homes and businesses is an example of a centralized energy system.

Conservation ) ‘

Wise use and careful management of resources, so as to obtain the maximum
possible social benefits from them for present and future generations. Energy
resources can be conserved by reducing wasteful energy use, using energy for a |
given purpose more efficiently, or by reducing energy use altogether. ‘

Decentralized energy system 1

Energy system where small amounts of an energy resource are converted from
one form to another for use by a small number of people. The conversion and
consumption of the energy resource usually occurs in the same location. An
example is a solar water heater used to provide hot water for a home. {

Ecomanagement ‘

Positive physical action taken by an individual or group that improves or main-!
tains some part of the environment. An example would be creating a recycling
center in a community. (

Ecosystem 1

Self-regulating natural community of organisms (e.g. plants, animals, bacteria)
interacting with one another and with their nonliving environment. Wetlands,
forests, and lakes are examples. {
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Energy forms

Fundamental kinds of energy that are distinct from each other. Two main forms
of energy are potential energy (the energy stored in matter) and kinetic energy
(the energy of motion). More specific forms of energy include thermal, elastic,
electromagnetic (light, electrical, magnetic), gravitational, chemical, and nudlear
energy.

Energy resource

Energy source that is used to meet the needs of a human society. For example,
oil is an energy resource because it is used to produce fuel for transportation
and heating.

Energy source

Matter or system from which one or more forms of energy can be obtained.
Natural gas, for example, is a source of thermal energy; sugarcane is a source of
chemical energy.

Entropy

(1) A measure of the dispersal or degradation of energy. (2) A measure of the
disorder or randomness in a closed system. For example, the entropy of an
unburned piece of wood and its surroundings is lower than the entropy of the
ashes, burnt remains, and the warmed surroundings due to burning that piece of
wood.

Externality cost

Portion of the cost of production and marketing of a product that is borne by
society, not by the producer, and thus is not included in the price of the product.
For example, the cost of dleaning up a beach after an oil spill is usually not
included in the market price of motor oil.

First law of thermodynamics

Energy cannot be created or destroyed; it can only be converted from one form
to another. For example, the chemical energy stored in coal can be converted
into thermal energy.

Heterotroph

An organism, such as a mammal, that cannot synthesize its own food and is
dependent on complex organic substances for nutrition.

Nonrenewable energy resource

Energy resource that is either replenished very slowly or not replenished at all
by natural processes. A nonrenewable resource can ultimately be totally depleted
or depleted to the point where it is too expensive to extract and process for
human use. Fossil fuels are nonrenewable resources.

Photovoltaic cell

Device that converts solar energy directly into electricity. For example,

photovoltaic cells provide electricity for hand-held calculators, watches, battery

chargers, homes, and satellites. P
\Z
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Primary energy source
Source of energy either found or stored in nature, such as the sun, coal, and oil.

Renewable energy resource

Energy resource that can be quickly replenished. Some renewable resources—
such as solar energy-will always be available no matter how they are used.
Others-such as wood-can be depleted when their rate of use exceeds their rate
of replacement.

Second law of thermodynamics

(1) Each time energy is converted from one form to another, some of the energy
is always degraded to a lower-quality, more dispersed, and less useful form. (2)
No system can convert energy from one useful form to another with 100 percent
efficiency. (3) Energy cannot be spontaneously transferred from a cold body to a
hot body. (4) The entropy of a closed system increases over time.

Secondary energy resource

Energy resource that is produced from a primary energy resource using technol-
ogy, such as electricity produced from solar energy by photovoltaic cells.

Sustainable society

Society based on working with nature by recyding and reusing discarded matter,
by conserving matter and energy resources through reducing unnecessary waste
and use, and by building things that are easy to recycle, reuse, and repair.

System

(1) A group of interacting, interrelated, or interdependent parts made up of mat-
ter and energy that form a complex whole. (2) Anything that uses matter and
energy to organize, maintain, or change itself. A system, for example, can be the
sun, a glass of water, a frog, or a city.
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Appendix

Taxonomy of Educational Objectives

These tables briefly describe the taxonomy of thinking skills within the cognitive
and affective domain. In each table, the descriptions are arranged from lowest

level of thinking skills to the highest or most complex.

Cognitive Domain and Selected lllustrative Verbs

Description of Categories Within the Cognitive Domain

Wustrative Verbs

Knowledge
Remembering and recalling previously learned information.

define, identify,
outline

Comprehension
Understanding and interpreting learned information.

paraphrase, predict,
rewrite, summarize

Application
Demonstrating understanding by using learned informa-
tion in new or different situations.

change, mode], solve,
prepare, manipulate

Analysis
Identifying parts and components of learned information
and investigating relationships among those components.

analyze, diagram, illus-
trate, relate, perform

Synthesis
Arranging components of learned information to create
a new product (e.g., a collection of ideas, an invention).

categorize, build,
create, plan, organize

Evaluation
Judging the value or worth of learned information and
products created during synthesis.

evaluate, conclude,
critique, justify

Based on Bloom, 1956.

Affective Domain and Selected lllustrative Verbs

Description of Categories Within the Affective Domain

llustrative Verbs

Receiving
Willingness to participate in an experience or new learning
situation.

reply, name, follow,
identify, recognize

Responding report, assist, request,
Reacting to and displaying interest in a new learning situation. | read, seek
Valuing

Forming or identifying attitudes and values toward a
new learning situation.

complete, describe,
explain, demonstrate

Organization
Analyzing values related to a learning situation and
organizing them into a value system.

modify, organize, pre-
pare, determine

Characterization by a Value or Value Complex
Demonstrating behaviors that indicate a value system
has been incorporated into one’s lifestyle.

illustrate, perform,
solve, develop, exhibit

Based on Krathwohl, et al. 1964,
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Subgoals of Environmental Education

This table describes the subgoals of environmental education and identifies their
associated learning domains.

Subgoal Definition Learning Domain

To help students develop the ability to perceive and dis- Affective

Perceptual criminate among stimuli; to process, refine, and extend (primarily receivin

Awareness those perceptions; and to concurrently acquire an aes- ;:1 d res )én ding) 9
thetic sensitivity to both natural and built environments. P 9
To help students acquire a basic understanding of how
the natural environment functions, how its functioning is

Knowledge affected by human activity, and how harmony between | Cognitive
human activity and the natural environment can be
achieved.

Environmental To help students develop a universal ethic on which

Ethic they may act to defend, improve, and sustain the | Affective
quality of the environment.

.. . To help students develop the skills needed to identi-

Citizen Action fy, investigate, and take action toward the preven- | Cognitive

Skills ) h | c g
tion and resolution of environmental issues.
To help students gain experience in applying their

.- . acquired perceptual awareness, knowledge, environ- ..
Citizen Action mental ethic, and citizen action skills in working Cognitive,
Experience Affective

toward the prevention and resolution of environmen-
tal issues at all levels, local through universal.

Based on Engleson and Yockers, 1994.

Summary of Multiple Intelligences
This table describes the seven types of intelligences.

Type of Intelligence Definition

Verbal-Linguistic

Using language to express ideas and concepts.

Logical-Mathematical

Skillfully using numbers mathematically and reasoning out
problems.

Visual-Spatial

Perceiving elements of the spatial world and representing
those expressions efficaciously.

Bodily-Kinesthetic

Creatively using the whole body to illustrate ideas and concepts.

Musical-Rhythmic

Discriminating among musical components and using
instruments or the voice to express understandings.

interpersonal

Demonstrating empathy toward or appreciating the
thoughts and feelings of others.

intrapersonal

Analyzing one’s own thoughts and motivations and
expressing understandings of those thoughts and feelings
through behavior.

Based on Armstrong, 1994.
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